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ABSTRACT

Four major models for predicting
the effects of changes 4in military pay
on retention are described and com-
pared. The most sophisticated model,
called the Stochastic Cost of Leaving or
SCOL model, 18 simulated to demonsrrate
the effects of sgeveral changes 1in
military compensation on retention.
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_.tetention of changes in military pay. The second task {s to construct

EXRCUTIVE SUMMARY : ST

This paper has been written to accomplish two tasks. The first of
these {s to provide a comprehensi{ive comparative analysis of the various
models which have heen or are now heing used to predict the effect on

and execute a simulation of the latest model. To the extent that this
model accurately reflects retention behavior in the Navy, this simula-
tion demonstrates the effect on retention of several changes {n military
compensation.

tn chronological order of their development, the models to be
examined are the PVCOL (Present Value of the Cost of Leaving) Model, the
ACOL (Annualized Cost of Leaving) Model, the SCOL (Stochastic Cost of
Leaving) model, and the Air Force--Congressional Budget 0ffice model.
All of these models develop some measure of the difference between the
income streaw from staying in service at least one more term and the
income stream from leaving now. This difference is called the cost of
leaving. Stvceams of future lacome are converted to single numbers by
discounting them by the vcate at which personnel appear to discount
tuture income. The cost of leaving 1s then related to the retention
rate via some supply function.

The PVCOL model calculates the cost of leaving as the maximum
present value of the income stream from staying minus the present value
of the income stream {rom leaving now. The retention rate is related to
this cost of leaving via a logistic supply function, the parameters of
which are estimated by regression analysis.

This model is deficlent in several respects. First, it does not
incnrporate an {ndividual's taste for military service, only monetary
values. That (s, the model fucuses attentlion on individuals who are
“taste neutral,” not {individuals who are actually on the margin of a
stay-leave decision. Second, the model ouly looks at the effect of
future pay changes on current hehavior. It ignores the effect of past
compengation practices on the current population eligible for reenlist-
ment, a relationship that hecomes important in the analysis of alterna-
tive retirement systems as well as other changes to the compensation
systems (e.g., higher bonuses). Third, the connection between the cost
of leaving and retention, the loglstic function, s ad hnc. Fourth, it
assumes the civilian and miltiary income streams are known with cer-
ta‘nty. Finally, some of the predlctions from the model geem
unreasonable.
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The ACOL model remedies some of these criticisms, in whole or in
part. First, the model introduces a taste for service factonr into the
stay-leave decision. This taste factor {s the anaual military-civilian
" pay ditferential required to make an individual indiffarent bhetween
military and civilian life. When thig taste factor {s added, the model
directs attention to thase who are actually on the margin of a reenlist-

" ‘ment decision, not those who are “"taste neutral.” The model derives the

annualized cost of lesving (ACOL), which {s the maximum annualized
military-civilian pay differential from remaining in military secrvice.
The time horizon, or years of future military service, relevant for
reteation decision-making is the horizon over which ACOL 1is maximized.
The retention rate at a given term of service will be the proportion of
individuals for whom the maximum annual pay differential, or ACOL,
exceeds the taste factor, or differential required to make them {ndif-
ferent between military and civilian 1life.

A crucial 1input into the ACOL model is the asgumed pattern of
personal discount rates. FEapirical analysis by Gilman (reference 1)
suggests that young personnel (e.g., first—-term personnel) have dlscount
rates of about 20 percent per year, but that discount rates decline as
ind{viduals age. The assumed discount rate {8 crucial in the ACOL model
hecause an increase in the discounc rate serves to raise ACOL values
calculated over short time horizons relative to those calculated over
longer time horizons and, therefore, to reduce the time horizon that {s
relevant for retention declsion-making. The assumed Aiacount rate will
thus have counsequences for the predicted effect of a pay change.

To provide examples, 1if one nssumes 20 percent discount rates among
first-tern reenlistment eligibles, the ACOL model predicts that the time
horizon relevant for reenlistment decision-making 18 the length of a
recnlistronent. At a 10 percent discount rate, the maximum ACOL may be
the one over the horizon that encompasses the 20th year of service. At
the second-term reenlistment decision-point, the situation is dif-
ferent. Regardless of the discount rate, the time horizon relevant for
reenlistment decision-making invariably encompasses the 20th year of
gervice.

Note a strong {mplicatiorn of this model. That 1s that pay changes
tthat occur past the time horlzon over which ACNL is maximized will have
no effect on retention rates. Thus, if the time horizon of first-term
reenlistees is ouly the length of a reenligtment, a cut in retirement
benefits will not hurt first-term retention. Conversely, an increase in
pay beyond the second term may not raise first-term retentfon, unless it
alters the time horizon over which ACOL 18 maximized.

..iv_
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N Ll =L In the ACOL model, each individual 1is presumed to know hig future L =
‘ military and civilian lacome streams with ceitainty and he {s implicitly o =
unaware that future eveuts may Induce him to leave. The SCOL model E

v departs from the ACOL model by adding a “transitory” or random dis- -
B : turbance to the retention decision at each term of service. This dis- E
N turbance summartzes all of the influences on the individual’'s retention 3

decision at each term of service that are not already reflected in his

" taste for aervice factor. While the individual cannot know future -
values of these transitory or random di{sturbances, {t i{s assumed that he
knows the probahility that a random event will induce him to leave at
each future term of service. The individual 1is then assumed to calcu-~
late his cost of leaving, based not on a single future horizon of mili-
tary service, but rather on a weighted average of his leaving costs over
all possible future terms of service, where the weights {in this calcula-
tion are his perceived probabilities of leaving after each possihle
future horizon of service. The cost of leaving thus becomes a “sto-
chastic” cost of leaving (hence the acronym SCOL).

e

1

1
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Note that this model Aalters some of the conclusions of the other
models. F¥First, unlike the ACOL model, pay changes that occur in any
future term of service will have some 2ffect on current retention, E
alheit however small. There {8 always some probability that an indi-

' vidual will stay in service long enough to get that higher pay. Hence,

this model will predict some effect of a reduction in 20-year retirement
benefits on first- term retention; under certain assumptions stated
above the ACOL model will not.

Second, far term pay changes have a smaller effect on the current
term retention rate in the SCOL model than the PVCOL model. This {s
because the model accounta for the fact that individuals, even those -
with strong positive tastes tor military service, know that there is :
some probability that they will not stay In service long enough to be
affected by the far-temm pay change. The probahilities of leaving after
each term of gervice essentially operate as an extra discounting factor.

The addition of a transitory disturhance also allows a retention
function to be derived from the model. This retention function has the
property that as pay Iin past terms increases and past term retention
increases, the retention rate i{n the current term decreases. This
specification of the retention function makes rigorous the 1link between
the current term retention rate and past compensation policles.

While the SCOL model provides geveral analytical advances over
previocus models, 1its disadvantages should be noted. First, it is




--considerably more complicated mathematically than previous models. This

increased complexity will no doubt provide a barrier to understanding
among some users and it may inhibit the correct {interpretation of the

model's results.

Second, the model 1is a steady-state model. Beginning with a cohort

_of first-term eligibles characterized by some initial taste distribu-

tion, the 5COL model determines what fraction of this cohort will sur-
vive to e.ch term of service under alternative pay regimes. By steady-
state we mean that each successive cohort of reenlistment eligibles is
characterized by the same taste distrihution and that there are no
unanticipated changes in the compensation system. Because the model is
a steady-state model, it is not well suited to dynamic pollcy analy-
sis. That is, the model cannot be used, say, to predict the effect on
the Navy enlisted force over the next several years of a 10 percent pay
increase. Rather, the SCOL .rodel may only be ugsed to compare the
steady-state force that would evolve with a given pay change to the
“bage cage” force, {.e., the steady-state force that would exist undevr
the current compengsation system. The graat advantage of the ACOL model
is that it can be used in dynamic forecasting.

A third difficulty {s that empirical estimation of the model's
parameters requires an estimation technique that 1is considerably more
diffticult than, say, regression analysis. Empirically, the parameters
to be estimated are those of the initlal taste distribution (distribu-
tion of tastes among the first-term reenlistment eligibles) and the
transitory disturbance distribution. Estimation of these parameters
requires longitudinal data on a cohort that has made ut least two reten-
tion decisinns. The estimation procedure is essentially “"plug and chug”
maximum likelihood--the parameters are varied unt{l the best fit to the
ohserved data is obtained. 1Unlike regression analysis, holding constant
other systematic factors that affect retention (e.g., education, mental
group, race) would be extremely difficulc.

The Alr Force-CBO model is similar to the SCOL model in thar {t too
calculates a cost of leaving that 1s a weighted average of leaving costs
over various possible future horizons orf military gervice. The major
difference i{s that the cost of leaving calculations are made on the
basis of the probability of surviving to each future term of service and
then leaving of those who in fact stay. This cost of leaving 1ls again
related to retention rates via a logilstic supply function. The nain
criticism of this model is that it probably will lead to overprediction
of the effect of changes in far future term pay and underpredict the
effect of near term pay. The model uses survival rates to each future
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term of those who in fact stay because these rates are observable. Yet,
- 4f those who left had in fact stayed, they would have had lower survival
rates. Hence, the average survival rates used by the model are too
high.

I now turn to simulation results from the SCOL model. To do the
simulations, we first fit the model's parameters such that at FY 1979
values of Navy pay and civilian pay the model predicted, as closely as

“possible, FY 1979 Navy enlisted retention vates by term of service.

Note that this procedure treats the observed FY 1979 retentlon pattern
as & steady-state pactern although it 1is not. We d4id what we did only
to glve the model some link to the actual Navy retention pattern by term
of service. In any event, the purpogse of the simulations is to show
SCOL model predictions of the effects of various pay changes relative to
the model's own base case, not to empirically estimate the model's
paraneters.

Nnce the model's parameters were chosen, we simulated several
changes In active duty military pay to determine what the pay elactici-
ties implied by the model. Our purpose in doing this was to determine
how consistent the model is with previously estimated pay elastici-
ties. Then, we simulated the model for two alternative retirement
systems, the OSD retirement plan without early withdrawal privileges and
the OSD retfirement plan with early withdrawal privileges. (See ref-
erence 4 for a detailed description of these plans.)

One reviewer noted that these simulations, by themselves, may not
be very instructive because there are many combinations of model param-
eters that might generate the base case retention pattern, and the pay
elasticities and estimates of the effects of alternative retirement
systens might be very different for different parameter values. Note
first that the range of values of the model's parameters such that the
SCOL model will predict the current patterr of Navy enlisted retention
(if not its actual valueg) is not large. Second, sensitivity analyses
were performed for various parameter values, and the pay elasticities
and estimates of effects of alternative retirement systems were quite
stable for reasonable variations in the parameter values.

In our simulations, we find the following: Firat, a 10 percent
increase {n second-term pay elicits a 24.2 percent increase in the
first~term retention rate. The implied pay elasticity of 2.42 i{s con-
sistent with previous results. The predicted effect of a second-term
pay change 1s quite corsistent with that predicted by the ACOL model.
Second, a 10 percent Increase in the whole military pay tahle is




I

. =....: predicted ro generate a 32.2 percent increasc in the first-term

retention rate--an elasticity of 3.22. The effect ofF a change in the
whole pay table is larger than just a change In second~term pay. (When
the time horizon of people on the margin of a reteantiou decision is :
~_ghort (e.g., the length of a reenlistment), the ACOL model will predict =
‘no difference in the impact of short and long-term pay changes.) Yet, T 2
while the SCOL model dJdoes predict a difference, the model avoids the ' =
--- —--implausibly high predicted change (about S0 percent) provided by the 2
PVCOL model. Third, in the SCOL model, higher pay serves to raise oo =
retention only over the interval during which the pay raise is in 2
effect. Most of the pergonnel induced to stay by the higher pay leave
““thereafter.

i,
i
1

In this simulation, the second~term retention rate is very re-
sponsive to third-term pay changes, considerably more responsive than
estimates found elsewhere (reference 7). This high responslveness 1is 3
due to declining variation in the taste diatribution as thote with low =
tagtes leave at the end of the first term. While increased responsive-
+ ] ness of retention rates at the second and later terms {s expected on
' theoretical grounds, the inconsistency betweer, these and other resulte

requires further investigation.

SCOL model sf{mulations of alternative rvetirement plans pro.lde * -
3 estimates that are reasonably consistent with those from the ACOL model
E (reference 4). Both models predict that the OSD plan without early
: withdrawal privileges would get lower retention rates prior to YNS 20,
but higher rates thereafter. The main diff:rence is that the SCOL model 3
predicts a8 smaller change in second-term retention than does the ACOL
model, mut a larger drop in third-term retention. Both models predict
about the same cumulative survival probability to YOS 20, Both models
predist that the OSD plan with early withdrawal will generate higher
retention prior to YOS 10 than the current system. Significantly, the
predicted increase is larger than that obtainec earlier using the ACOL
model (reference 4). However, the predicted decline after YOS 10 is
larger also. Overall, the SCOL model gives more optimistic estimates of
the effect of the OSD plan than the ACOL model. E -
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INTRODUCTION

During the past three years, much attention has heen devoted to
developing models that can predict the effect of changes in military
compengation on personnel retention. Prior to 1978, virtually no models
existed rthat conld he used to predlct the effect of such changes. Yer,
beginning with the rcport of the President's Commission on military
Compensatlon (PCMC) {n 1978, several proposals for overhauling the
military retirement svstem have surfaced. The PCMC plan, as well as one
recently submitted to Congress hy the Offlice of the Secretary of Defense
(0SM), recommend that the current 20-year retirement system bhe replaced
hy a system that provides lower henefits to 200-year retirees, but sig-
niflcant cash bhenefits to those who complete 10 years of service. These
proposals for overhaul of the retirement system and the likelihood of
continuing pressure to alter other parts of the compensation system have
amphas ized the necd to model the link hetween all forms of compensation
and rotention.

Subsequent tn the deliberatinons of the PCMC, four retention models
have heea developed. The fivst (s tne PVCOL (present value of cost of
leavinp) wdel. This model was inftially described by Cotz and McCall
(refaerence 2) and later used hy Warner (reference 3) to analvze the
retent{on effects of the PCMC retirement plan. A variant of the PVCOL
model 1{a the ACOL (anmualized cost of leaving) model. This mndel was
developed by Warner (reference 4) and used to analyze altarnative re-
tirement systems. The third model {s a varlant of the PVCOL model and
was first developed by Gotz and McCall (reference S). I will call f{t
the SCOL (stochastic costL of leaviag) model, since the cost of leaving
caleulated by the model {18 a probabilistic, weighted average of leaving
costs over varlous future time horizons (the weights represent the
probabllities of existing at each of the possible future points). The
fourth model, developed by the Air Force and the Congressional Budget
Nfflce, contains features of each of the flrst three modela.

Huch confus{on has persisted ahout the di{fferences {n these
mondels. Chipman (reference H), for {nstance, describes the models and
compares thelr predictlons for the PCMC retirement plan, hut he does not
provide an analytical discusalon of the d{fferences in the modcls. The
first onjective of this paper, therefore, Is to descrihe these models
and demonstrate cxactly how they differ. The condittions nunder which the
varlous models predlict (roughly) the same retention resgponse to a pay
change ara derfved, as well as the conditions under which the predicted
responses will vary. The various mndels are compared and analyzed in




The second objective of this paper {s to present some

the next section.
These results are compared with

simulation results from the SCOL model.
results from other models. This analysis is providad in the last

section.
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THE MODELS

Before degcrihbing the models, let me make two points about reten-
tion patterns. First, there should be a natural tendency for retention
rates to rise with term of service (t). This tendency i{s separate and
distinct from any increase in the financial incentive to stay and 1s due
to the fact that in early terms of service the retention decision-making
process serves to sort out those who llke military service from those
who don't. As this sorting process proceeds, the cohorts of personnel
who stay will be comprised of people who, on average, have a higher
raste for military service and hence higher retention rates.

The second point 1s that the retentinn rate at term t may not be
independent of past pay policies. For example, suppose one group of
first-term reenlistees receives a reenlistment bonus and a second
(otherwise tdentical) group does not. The first-term reenlistment rate
of the group receiving the bonus should be higher. However, at the
second-tern rreenlistment polnt, the group recelving the ficsc-term
may have a lower reenlistment rate (assuming bhoth groups face the
future military and civilian pay streams). This is bhecause the gr
recelving the first—term bonus has a lower average taste for service at
the second-term polnt than the group not receiving the bonus. The
various models differ both in their ability to “"explain™ the natural
tendency for retentlon rates to rise with term of service, and in their
mechodology for linking cutrent term retention with pagt compensation
policles. The major advance of the SCOL model {s that hoth of the above
phenomena are explained within (i{.e. are "endogenous” to ) the model.

We shall analyze the models in the following order: PVCOL, ACOL,
SCOL, and the Alr Force and CBD models. These models differ according
to how (1) the error term in the model {s specified, (2) the cost of
leaving 13 calculated, and (3) the function relating the cost of leaving
to the retentlon rate is specified. These differences may all lead to
conglderable differences In predictlon of how personnel would respond to
to a given pay change.

THF. PVCOL MODEL

The original PVCOL model gave no consideratlon to non-monetary
factors. By not explicitly considering non-monetary factors, the model
could not explain why two individuals with equal costs of leaving might
make different stay~-leave decisions. Hence there was nothing {n the
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model to explain each tandividuwal's stay-leave decisfon. The signifi-

‘cance of the fact that the model had no taste factor in it to explain

the stay-leave declisfon should become evident in the discussion of this
model, and the more complex models that follow.

One way to develop the PVCOL model is to consider an Iindividual at
the end of length of service (LOS) t. This findividual can stay one more
term and then leave, two more terms and then leave, etc.* If T 1s the
total number of terms of military service, the individual must evaluate
T-t possible future income streams plus the Income stream from leaving
now. DNenoting each of the possible future terms of service after which
the individual may leave by the variahle n, the return to staying from
term t to term n may be defined as,

n

aJ-t-1 j-t
- ) y B + R R+ W) (ta)

Hj = active duty military pay du ing term Jj, Jj=l...n

R, = the present value at the er of term n of Ffuture re+*irement
benefits vested after term n

v,= the expected present value at the end of term n of futu
civilian earnings

g = T%E" where d equals the individuals' rate of time preference
or discount rate.

The return to staying from the end of term t to the end of term n
{3 thus equal to the present value of the stream of active duty military
pay from term t+l to the end of term n plus the present value at the end
of term t of the streams of retired pay and civilian earnings the {ndi-
vidual expects to receive if he waits unt{l the end of term n to
leave. The pregent value of the income stream from leaving now (Lt) ts
simply the present value of the civilian future {ncome stream the

* 1 gay term of sgervice rather than year of service bhecause enltisted
personnel typlcally have to make multiyear retention decistons. For
example, to get a reenlistment honus, personrnel must reenlist for a
minimum of three years.
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individual expects to receive if he leaves now (Wt) plus the present
value of already vested retfirement benefits (Rt):

L, =W, +R . (1v)
The cost of leaving at the end of term t rather than remaining until the
end of term n to leave (C. .) is simply

’

c =S - L . (1c)

We may calculate T-t possible values of C, o+ VWhich one is the one
relevant for retention decision-making? The PVEOL model presumes that
{t is the maximum of these values. That is, this model assumes that the
individual looks at the cost of leaving over various possible future
harizone of military service (there are T-t of them) and bases his
retention decision on the maximum value of Ct,n' Ye label the maximum
of these values Ct‘ Ct represents the opportunity cost of leaving now
rather than staving in for the highest future income stream to be had by
additional military service.

An alternative approach to calculating Ct is via a recursive form-
ulation. Beginning at the end of term T-1, we may calculate the return
to staying Sp_y) as M. + BL, and the return to leaving Tq_y as
Wroy + Rp_y+ The cost of leaving, Cp_,, 1s ST-l - Lp_y+ The value of
the optimal cholce, VT-l’ is the maximum of ST_l and Loy The model is
solved recurgively for Sp.p and CT"Z where ST*Z = MT—I + BVT_I , and
likewise for earlier years. The recursive formulat{on may bhe preferred
over the “forward” formulation discussed above for computational
reasons.

The PVCOL model relates C: to the retention rate r. via a logistic
supply function:

1
TR @
1 + e
or,
Ty
n T:;; = tn + bIC‘ . (2%W)

This well-known function ylelds an S-shaped relationship between e and

r

t
Cpy or a linear relationship hetween in e and ..
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of changes in
To do this, define n* as the future B

{s a maximum. To begin with, pay chanpes
and will hence he

From elther equation, we may derive the effect on r,

the future military pay streanm.
term of service such that e n
that occur past term n* can fave no effect on Ct
predicted to have no effect on e (unless n* {s ghifted outward by the
A pay change that occurs in the next term of service may

pay cllange).
6(, 01‘ 01‘ b‘;

be darived as follows. Since =1, v = b,r (l-r ).
OMt+1 ant+1 act OMH_l 1t t
bct
Consider now a pay change In term t+2. Since WMo g,
e+2

Ort brt th
M =3 W = ﬂblrt<1-rt) . Thus, a pay change that occurs in

t+2 t t+2
term t+2 has a smaller effect on T, than a pay chenge 1in term t+l, but
they differ only by the discounting factor B.
A\

Conslder now the effect of an Increase in the whole military pay

table. The effect of r, of a one dollar increase in the whole pay table
n*
ts ( Bj e-1 Jb, « v (1-r ) . If term n* {s very many terms of ’
J=t+1 1 t t

the (predicted) effect of this pay change will he

service beyond teruw t,
Fcr example, the model pre-

large, in some cases unbhelievably large.
dicted a 20 to 30 percent increase Iin first-term retention due to a

10-percent increase in second-term pay, which i{s in line with previous
estimares. Yet, the model predicted a 50 to HO percent {increase in
first-term retention due to a 10 percent increase in the whole pay
table, and rhis appeared wholly unreasonable.* The next two models
predict smaller effect of a change 1in the whole pay table, bhut under
certain conditions they will give estimates of a change 1in Me+1 simf{lar

to those obtained with the PVCOL model.

This PVCOL model {s deficient 1In geveral respects. The first has
already been alluded to~-its estimates of the effect of an increase in
the whole pay table seem too high. Second, v, is not related to past
pay, only future pay. The model is forward-looking only. Third, the

* In these calculations, n* encompassed LOS 2., where retiremeat
henefits are currently vested. A 10 percent yearly discnunt rate was

used {n these calculations, which may explain some of the "large”

effect., Using a higher dfscount rate would serve to reduce the slze of

the predicted effect.
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retention function 13 not derived from choice theory; it 1Is an ad hoc
specification. This gets back to the polnt that the model has no "error
term"” in {t. 1Tt does not explain why some people choose to stay and
others choose to leave after term t. Subsequent models attempt to
correct these flaws.

THE ACOL MODEL

In the PVCOL model, the time hor{zon solved for by the model (l.e.,
the horizon of future service over which Ct,n 1s maximized) {s im-
plicltly the time horizon or a "taste neutral” {ndividual, l.e., someone
who 13 indifferent between military and civilian life. 1In reality,
military personnel dAiffer considerably in thelr attitudes or tastes for
m{litiry service, and these differences should he accounted for in our
analysils, The ACOL model uses the PVCOL model as A polnt of departure
by introducing a taste for service factor explicitly into the model.
The model then derives the time horizon that {s relevant for retenrion
decislon-making and the milltary civilian pay differentlal over that
horizon, ACOL. The retention rate at LOS t 1s the proportion of indi-
viduals for whom the actual pay Adifferential, or ACOI, {is less than the
required pay differential (as measured by the negative of each indi-
vidual's raste for millrary service).

To introduce a taste factor {nto the model, we define y; as the f{th
ind{vidual's taste for service., We initlally assume that Yy is a
"permanent” or "fixed” taste factor associated with the ith {ndividual
and does not depend upon current or prospective future term of
service, This taste factor represents the nezative of the military-
civilian pay di€ferential required during each term of service to make
the {th indfvidual {ndifferent hetween military and civilian 1life.
Congidering the adverse working cond{tions i{n some military occupations,
¢ tg llkely to be nepative for many individuals. Pecple with nepative
values of y must be compensated with higher amfl{racry than ci{vilian pay
to make them willing to remain 1in the service. Yet, y may be hiphly
posttive €or some. There are people who would remain {n service 1in
gplte of a negative military-civilian pay differential.

Congider the recursive formulation of the PVCOL model. We in-
cocporate the taste factor into the model by adding {t to the return to

-7-
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: staying equation:

leaving, Cit(Yi) = Sit - Ly is positive., The retention rate will bhe

the proportion of individuals for whcm Ctt(Yl) > 0. Thus, defining ;t
is the Yy such that C (?i) = G and Ft(Yi) as the Ailstribution of y amone

4
. =5

= + .
sit Yyt Mn pvu_l(vi) (3) %é
Ly, =9 + R, §
Vig = MAX(Syy 5 Ly) =
=
i
Assume that the {th individual stavs 1if his own personal cost of ?

i

vl i R0 i b

those at term t, the retentlon vate {s

ro = [ £.(ndy (4)

Ty

That {s, the retention rate 1is just the proportion of {ndividuals for

whon Yi > Yi .

Given the future military and ctvilian pay streams, the ? thar
separates stayers from leavera can he derived by ittevating over varinus
possible valuesAof Y until finding the value for which C{C(Yi) equals
zern, that {s, y .

i

The ACOL methodnlogy provides an alternative derivatiaon of this
value. This methodlogy {s essentially a closed form solution for the y

that ylelds a leaving cost of zero. Recall from the forward formulationg u%

of the ACOL model that the Iindividual has T-t possible future leaviang ‘%

points. That {s, he has T-t possible future time horizons ta con- 3

stder. UWe assume that the ind{vidual will remain in service only if %

: there 1s at least one possible future horizon over which his cost of 2
1 leaving is positive. The goal of the ACOL methodology ls to flad the é
f value: of y such that there are no future hori{zons over which the cost A
1 of leaving 1s positive. The larpest of these values will ha the valye 3
; of the taste factor that makes Clc(Yl) equal to zero via the recursive E
pr: cedure described above. E

Recall that the cost of leaving at LOS t rather than 108 n, Ct,n’ i

can be written as =

: -
k|

9

_g_ ::

9

%
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j=e+l

The decision to stay may be rewritten to say th: indivridual stavs 1f

n
there Lls at least one horizon over which - ( T Y BJ t~1) <C .
i t,n
J=e+l
This conditlon says that the individual will stay if there exists at
least one horf{zon of future service over which the negative of the
present value of hils taste factor Yy 1{s less than the cost of leaving.

This condition may he tewritten to say the Individual stays if there is

n
at least one hartzor over which -y, < C : - Bj t-1 < The value
i t,n
j=r+l
I j-t-1
C s n B 1s the annuvaiized cost of leaving (ACOL)Y. Tt {s the
t,n
j=t+1
anmuttyv equivalent of C « We will call this A .
t,n t,n

Now we assnme that an iadividual w{ll stay onlv if there exists at

least one future time horizon ovev which vy, > - or ~ vy <A,

That {s, the ind{v{dual examtnes each posstble vaiue of A, audhékays
1f and only {f one of them exceeds - NDbvtously, 1f ary’of them does,
the maximum value does. Therefore, tée that separates the stayers
frem the leavers s the maximum ACOL value. Call this value Ape o is
easy to show that C{ (- At)-O. Values of y helow -A_ imply nepative
leaving costs; value" of ¢ ahove -A_ Imply pusitive leaving costs. The

retentlon rate {s aimply the proportion of individuals for whom y ex-
ceeds =A ;¢

r, = fo £ (y)dvy . 79)
t
-A
d
To vepeat, the ACOL methodology 1is slmply a closed form solution tar the

Y such that Ct(y)uﬁ.

If v has the logistic distribution function, we can write that,

1
R O )
l+e

ising this funcclonal form, we may derive the effects of various pay
changes. Again, pay changes that occur pagt the time horizon of the

margzinal tndtvidual (the individual for whom y = ¥) will not he

-
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of course, the time hor{zon
This feature of the model {s similar to

predicted to have any effect on r,, unless,

fs altered by the pay change.
the PVCOL model, except that {f ¢ 1s negative, the optimal time hnrizon

will be shorter (remember that implicitly y=0 {n the PVCOL, model).

In other cases, we mavy derive the effects of varlous pay changes as
Suppose that n*-t {s the time horizon of the marginal indi-

follows,
vidual, where n* is derived via the ACOL methodology. A pay chaange In
0A 1
the next tern of service changes At hy 5§;:; = -:;;-——-—»:—. Hence,
g plt
y=t+]
bry M geeet
the retentfon rate {s changed by el alrt(l-rt) 3 : R .A
“Tenl J=t+]
QA -
change tn pay {n the 2nd future term changes Ay by L. -:;rfl--—-——
T2 - A-e-t
Jat+l
\5!‘{ B
and hence r, by Mo = alrc(l-rt) BT In geueral, a change
t+2 - j-t-1
T B
J=r+1
ar a r (l-r ya®~1
in pay in future term s < n* changes r. by W T T N
t+s - JI-e-l
j=t+1

may compare the predicted effect from this model with the predicted
effect for the PVCOL model. Remember {n the PVCOL model that

gl

o

i, 1l
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or o-1 &rt
BT = hlrt(l—rc)ﬁ . Therefore, W s deri{ved from the PVINI,
t+s t+s
or
model will exceed N as derived from the ACOL model as
t+s

n* n*

b1 > a; * T 31—t or as bl . % Jj-t-l > a,
J=t+1 J=r+l
- 1 0_
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To calculate the effect of a given dollar change in the whole pay

or
table, (dM ) = ...%dMp = dM), we simply sum 3y from s=1 to s=n*-t as
follows: t+s
EEE ) art DAt art bAt . . brt bAt_
M 0A, M 1 OA My A OM 4
n¥-¢-1

1 + 3 4 82 . e .+ B
n*

- 3j-t-—l

J=t+l

= alrl(l-rt) = alrt(l—rt) .

From this result, we see some of the characteristics of the ACOL
model. Consider the case of a one~term time horizon {n*=t+l). In this
case, an increase in pav ylelds the reteation response :

or, E.
-~ " alrl(l-rl) . However, in the case of a two-term time hortizon

u-'(

t+l
or a

-y
B 1Py (1mry)
M

t

1+3 « Thus, 1f the time horizon of the

(n#*=1+2),
+1

Original individual {s two terms, a pay change in the first term is

predicted to yield a smaller response than if the horizon 1s only one
term. This {s because the pay change In the first term 1s annualized :
ovet two terms, not just one. The estimated retention resgponse to a E
current term pay change thua depends on the marginal {ndividual's time :
horizon. That time horlzon &and, consequently, the predicted response to
pay change depend crucially on assumptions ahout the discount rate and =
future clviltan opportunities. The higher the discount rate or the more -
rapldly civilian opportunities decline (or the slower they grow) with
additional military service, the nearer n* will he to the current term
t. 1In addition, pay inversions due to high pay in term t+l but lower
pay later (due say to higher first~term than second-term bonuses) will :
clearly shorten the time hori{zon. E-

Now the above specification of the retention functlon 1s unsatis-
factnry in two respects. First consider what would happen {f the first-
term taste distribution {s normal cr logistic and really is a “"per-
manent” or "fixed" taste factor. If fl(Y) {s normal, then f,(y) will he
a truncated normal, where the truncation point 13 -A;. 1f y really were S
a permanent taste factor, the distribution of Y woulé collapse as t in-~
creases. Indeed, as iong as A rises monotonically with t, the

-11-
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retention rate should be unity between the first-term point and the 20th .
year of service. This {8 not a very satisfactory implication, espe- i
cfally in light of the fact that retention rates do not currently

approach unity until around the 15th year of service. We may show that

the first- and second~-term retention rates are,

ﬂmﬂmmrp qmmmmumwmummw‘l

[T

i
I
Ty T RO > A = Oy .
-A N i,
1 =
1517 NGy LY,y Ay E
1072747197, 3
. P(Y2>-A2,Yl>-AL) ) -A2 ~A1 :
2 PCv,>-A)) POV A )
1 1 Y L[ 2 AV AR B
o - -1l -] -2l
j fw . 2 (1—p)2 9y 9, 01 02 :
“A, A, — ———— dy_dy
2 h ™ 2 :
- Py, > -AD) T :

The conditional retention probabtlity r, {s the probahility of
staying for both terms, ziven rye The density of fl(y) i3 normal, but
the conditional density of y, is not.*

[F

1€ the correlation p hetween Yy and Yy is zero, then r, and Ty will
be independent. 1If p=0, then there is no link between Ay and Ty, 1€ p
is positive, then r, will decline as A1 rices. To see this intuitively,
suppose Yy and Y, are positively correlated. Higher second-term pay
raises A, and this pay ralse serves to retain more personnel with lower
values of Ype Since vy and Y; are positively correlated, the cohort
facing the second-term retention decision will contain personnel who on
average have lower tastes for service. Given A,, thias cohort will thus -
have a lower retention rate. -

This specification of the retention function introduces some econo-
metric problems. First, for more than two periods the retention equa-
tions become messv indeed. Second, even with just two terms, there are 7
5 parameters to estimate His Bys Oy Ty and p, and the estimation pro-

* The denstity function of Yy {8 normal for a fixed value of Ty hut (¢t
{8 not normal over a range of values of Yy




cedure is complicated. Third, estimation of the parameters requires
" longitudinal data, a feature as well of the SCOL model to be diacussed

below.

WYhile not as satisfying as full estimation of the hivariate normal
model specified above, the approach which T tock in reference 6 was ro
simply estimate the first- and second-cerm retention equations using
probit analysis and fnclude Ay as an additional variable {n the second-
term equation. While this methodology 18 not as efficient as joint
estimation of the r, and 1, functions using panel data, {t is defensible
on the grounds that panel data were unavailable. 1In almost all cases in
tererence 6, the coefficlent on the Ay variable was negative, indicating
that ry does indeed fall when higher second-term pay induces more first-
term retention.

The ACOL model has been applied extensively to glve predictions of
the effects of alternative compensation svstems (see, e.g., reference
1). To make such predictions, the parameter 3, of the logistic diseri-
bution was estimated using regression analysis. Then, retention rates
(rt, tul...T) during a given fiscal year (e.g. FY 1979) are used as a
set of "baseline” retention rates. These baseline rates arc used to
] projJect the steady-state or future transitional force structure that
i * would evolve without a pay change. Then, the ACOL model {8 exercised to
predict the retention rates and force structure that would evolve with a
pay change, and the regulting forces are compared. TIn the analysis, the
baseline retention rates will be altered both because pay changes that
occur in later terms will affect the baseline rates and because pay
changes that occur prior to term t will alter the taste distribution
among those surviving to term t.

sl il
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Policy analysis with the bivariate normal specification of the
vetention function 1is unrealistic hecause in the analysis must consider
pay changes at more than two terms of service. We could specify the
retention function as a T-dimensional multivariate normal, but this
gpecification would become mathematically intractable. Therefore, in
practical applications we have done the following. We assume that the
relationship between r, and Ay 13 normal or logistic. Then, we derive
the predicted retention rate r, via the following two-step pracedure.
First, the baseline retention rate is a given YOS cell, Ty {s adjusted
as follows to account for the effect of pay changes in prior terms on
the taste distribution among those surviving to term t:
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r' = r (1 +e . )
- t t TerTe-1 t-1
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ré = retention rate {n term t “adjusted” for the influence of past

pay
c, = the unadjusted or baseline retention rate
%
. ; Art . Art Tl
¥ . .
rt’rt—l Art_1 Art_1 T,

Second, using a normal or logistic retention function, we predict the
new retention rate r, by determining how ré is affected by a change 1in
A,

t

Let us examine the first step more carefully. e is the
t’t-1
elasticity of r, with respect to ey This elasticity ranges hctween 0

and -1 in value, and may be derived as follows. Let v . r__y be the
fraction of personnel surviving to term t-1 who stay heyond term t. The
percentage increase in this fraction due to a change {n pay {n term t-i

Art Art_l
1s ;--+ - If the vetention decisions in the two terms are
t t-1
Art
independent, then o equals 0. 1In this case, e. . equals O and
t t't-1

ré equals To. At the other extreme, everyone who remains for term t

because of a pay increase {n term t leavcs at the end of term t, then
Art

P declines by the percentage fncrease in Teys Art-llrt—l' and the
t

survival fraction oo Tl remains unchanged. 1In this case, e

TerTe-1
Art-l
equals -1 and ré equals rt(l— < ) . 1In general, with emplirica)
t-1
estimates of e, . ranging between O and -1 in wvalue, t, cau be
t’t-1

adjusted to retlect the influence of past pay. Estimates of this elas-
ticity derived 1in reference 6 range from about -.2 to -.8 in value, with

“14-




a means value of ~.5.% These estimates imply that some, though not all,
of the personnel induced to remain in service by higher pay in term ¢t

! will leave at the end of term t.

] We can relate this process of adjusting r, to account for the

influence of past pay to the bivariate normal retention function. A

r v of 0 corresponds to the case of a zero correlation

t’ -1 )
between tastes at term t and tastes at tera t-1 (p=0). A value of .

value of e

e
r_,r
t’ t~1 of ~1 corresponds to the case of p equal to 1. FRlasticities

between 0 and -1 In value correspond to values of p between 0O and 1.

THE SCOL MODEL

The previous models may be criticized on two grounds, The first is
that bhoth treat the future military and civilian income streams as known
with certainty, and hence that the time horizon is known with cer~
tainty. In fact, the future income streams may not be known with cer-
talnty. Second, random events other than shocks to the military cr
clvilian income stireams may occur that will induce individuals to leave
é ' after each term. Further, {f individuals are aware of the probabilities

with which they will leave after each future term, they will 1incorporate
Cach

A

.

these probabilities into their cost of leaving calculations.
{ndlvidual's cost of leaving becomes a probahilistic or "stochastic”

: cost of leaving based on his percelvied probability of leaving after

¢ each term of service. In this model, the cost of leaving becomes a
weighted average of the leaving costs over varfious time horizons, where
the welights reprecent the prnbabilities of remaining in service until

the end of each possible future term and then leaving.

Lt 2

The second criticism was alluded to in the introduction. The bhase
case pattern of retentfon rates from the first-term to term T {s not
predicted from the model ({.e., {t is not endongenous), hut merely taken
as zlven. Thus, even with no increase in the cost of leaving, second-
term retentlon rates may be twice the level of first—term retention

§
=
) E|
-3
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* These estimates have been critici{zed on the ground that they were not
constrained to e 1{n the 1interval (-1,0), and that they were not
obtalined via an efficlent estimation procedure, e.g., joint estimation
of a bivariate normal. Yet they yleld what appear to bhe plausible

estimates o1 the elasticity, e .
Terfe-t =

-15~
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rates. Yet, the models provide no self-contained explanation for why
there should be a tendency for retention rates to rise in the face of no
change In the cost of leaving. A corollary of this criticism 1is that
the previous models do not provide a rigorous link between pay in one
term and retentlon in the next term, although the adjustment procedure
dlscussed above in the context of the ACOL model may mitigate some of
the force of this criticism. The SCOL model now to be discussed repre-

‘sents an improvement over previous models in that (1) the uncertainty of

the future tlme hoirzon 1s accounted for, (2) a retention function is
specified 1in which the pattern of retention rates by term of service is
explained within the model (1.e., is endogenous) and (3) the link he-
tween pay in one term and retention in future terms is made rigorous.
These benefits do not come without some cost. First, the model i3
mathematically wore complicated than previous nodels. Second, for
purposes of policy analysis, 1t would be virtually impossible to fit the
paraneters of the model such that it perfectly predicts the historical
bage case that one might want to start with (e.g., FY 1979 retention
rates). The model's predictions for a new pay regime must he compared
with the model's own base case retention rates, not with historical
rates. The model {s suited to steady-state analysis of a hypothetical
force, not dynamic policy analysis of an actual force.

Following a paper by Heckman and Willis (reference 8), Gotz and
MeCall (reference 5) reformulated the model of the retention decision
and thereby obtained a more complicated retentlon function. They bhegin
by assuming that y {8 a "permanent” or “"fixed" taste parameter that is
not affected by current or prospectlve future years of service. Then,
they {ntroduce the idea of a transitory disturbance. The transitory
dtsturbance £  is a random one~term addition to the ind{vidual's return
to staying in term t+l. For instance, the individual may draw a bad
agssignment in term t+l {(or at the end of term t), but this bad assign-
nent does not affect his expectation about future assignments. There-
fore, 1t 1s assumed that the individual "draws” one transitory error
term per term (Et) and that these errors are uncorrelated across terms
(cov(ttet') =0, t kt').*

* Ag evidenced by rhe pattern of Navy sea-shore rotation policles, for
{nstance, this assumption {s uarealistic. However, the model would
become exceedingly complex without it. One question 13 how much
prediction error 1s introduced by this assumption, a subject we return
to below.
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On this assumption, the retention decision 1is derived recursively S
as follows. Suppose we consider the ith individual at the end of term DR
T-1. His cost of leaving 1is,

)~ E Py P Myt Bl = Ly

Cor-1{¥gr®ypay 17-1

CiT-l(Yi’EiT—l) i{s the cost of leaving conditional on both Ey1~1 and Yi» E
while C1T~1(Yi) is the cost of leaving unconditional on €ypay® The s
decision will be to stay if CiT-l(Yl’eiT—l) is positive, or {f '
€41 2 'ciT-l(Yi)‘ Therefore, if C(eiT_l) is the distribution function
of €47-1» the probability that the fith individual will stay for term T
is,

Spg dG(e

Y .
T-1
“Cyr-10Yy)

Now, in the original formulation of the PVCOL model, the iadi-
vidual's optimal return was simply the maximum of Syr_y and Lypoy- This
is no longer true. Since the individual gets the return
Sqr-1 * Eyp-p F Yy Mt Lp with probability a s, and the return Ly
with probaility 1'“1T-1' his expected return from staying — E(viT-l) -
i{s calculated as

RVp) = I” (Egqag * Yy ¥ Mp ¥ Lp) d6(ep )
~Cr ()
~C (v,)
14y
+ ] T Lo, 46(s._))

This {s equal to

o0

jr-1) = J €opaq 90(E ) + 3 vy + ML+ L)
“Cra (v

E(V

+ (1-a )L

T-1""T-1

The first term in this sum 18 the expected value of the transitory
disturbance given that the individual stays. 1In this formulation, this
expected value {8 always positive. 1f er_y is distributed normally with
mean O and standard deviation Ugs we may show that this expected value
15 equal to ”eg(ZiT-l)/“iT-l where 2,0y = Cp_y(yy)/o.. That is, 7,0,
{s the "standardized” uncond{tional cost of leaving for individual {.
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Like the PVCOL model, SCOL can bde solved recursively to obtain
costs of leaving in earlier terms. 1In general, the unconditional cost

of leaving at term t may be written as

C =Yy + Mt+1 + BK(Vt+1) - L

it t

Again, the retention decision is to stay if Cit(Yl) + it > 0, or {f
TR PO

While the model 1s solved recursively for CiT-l’ CiT-Z’ Cir-3s
etc., it is revealing to reformulate it as a forward-looking model. To
do this, 1 will {gnore for the moment the expected value of truncated
error terms O g(zlt) to simplify the argument.* For simplicity, 1 also
omit the 1 gubscript. Consider the possibilities facing an individual
at the end of term t. 1If he stays one more term, he gets the Income
=y + Mt+1 + BLt+1‘ 1f he stays two wmore terms, he pets

stream St,t+1
If he stays

the income stream St,t+2 =y + Mt+1 + B(y + Mt+2 + BLt+2).
n more terms, he gets the income stream
n

i-t-1 n-t
5 2 Y+ M + I B (y®M ) + 8 L .
t,n t+l Jme+2 3 n

Assuming that the individual stays for term t+l, the probability
that he will leave at the end of term t+l is (l—at+l). Call this probha-
bility 7 .4y« Glven that he stays for term t+1, the probabllity that

’
he will stay until the end of term t+2 and then leave {s
“t+l(1-“t+2)' Call this nt,t+2‘ In general, let “t,n+1 = Uyr ot Y42

. . . an(l-an+1) he the probability that the individual will stay from
the end of term t to the end of term n and then leave. Note that Tp

equals zero. Therefore, the prohability of an individual at term t
The expected

Ld

remaining through term T is A, o = Tepl Cpgn ¢oro¢ Bpoge
present value of the tndividual's income stream, given that he stays for

term t, is

T-‘l
E(S = & S .
( t) n_%+1 t,a “t,n

This slmply says that the expected return to staying at the eond of
term t {s a weighted average of the returns from following all possible

* Tt 1s shown below that under certain assumptiong this term will cancel
out anyway.
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future stay-leave sequences, where the welghts are the probabilities of
following the possible sequences.

The individual's cost of leaving may be written as

T-1
C(N=%8S5)-L = ] =« S _-L_ .
t t t netsp D0 G0 t

T~-1

We may simplify this further. Since X ﬂt = 1, the cost of
n=g+l a

leaving {1s
T:l T=1
= . ( - = .
Ct(‘) L nc,n‘st,n Lt) ) nt,n Ct,n

n=t+l n=t+l
Thusg, the cost of leaving at term t 1s simply a welghted average of the

‘ leaving costs over all possible future stay-leave paths or time horizons
where, again, the weights represent the probabilities that the indi-
vidual will follow these paths.

This "forward looking”™ representation of the model ias useful he=-
cause 1t permits us to examine how pay changes affect the unconditional
cost of leaving. Later, we will derive their effects on retention
rates., We cannot do this Jjust yet since we have not yet specified the
retention function. Consider the effect of a change in M -

Clearly dC _(y)/M 4 1 . That {sg, the uncond{tional cost of leaving
changes doElar fo% bollar with a change in M. _,. This result {s identi-
cal to the PVCOL model and the ACOL model where the time horizon is one
term. Thus, 1in the case where the ACOL model horizon is one term, all

: thiee models give (approximately) the same prediction of the effect of a
; pay change in the next term (depending, of course, upon how the reten-

i tlon function 18 specified).

Next, consider the effect of a pay change In the second-future
tern. We can show that

th(Y) du

= (3 a + == . M .
+ Bl +2
42 t+l )Mt+2 t+2

——

oM

P

This partial derivative simply says that the effect of a pay change in
the next term {s the discount rate (i times the probability that the

o e
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individual will stay for the next period plus B times the effect of a
change in Mt+2 on Xy 4qe Now, the important point {8 that {n this model
a pay change 1in the next term clearly has a smaller effect on the cost
of leaving than in the PVCOL model.* (Recall that in that model the
effect was B). This result says that the individual weighs a pay change
during the next term by the probability that he will leave as {s the pay
change. Hence (again depending on how the retention function is speci-
fied) this model will give a smaller estimate of the effect of a pay
change in the next term than will the PVCOL model. It is not clear how
the prediction will compare with the ACOL model prediction, hecause in
that model the predicted retention effect was smaller as well.,
n-1
let P =1- £ = be the probahility that an individual
Jmt+l £,
will remain In service for at least n-.L more terms. We can show that
the effect of a pay change in term n has the followlng effect on Ct(y):

3¢_(Y) op
t - n-1 t,n
E B Peat® Mt+n] :

That 1s, C_(Y) changes by B"-l times the sum of (1) the probability of
“geaing” the pay change in term t+n and (2) the effect of the change 1in
M 4y On the probability of surviving to term t+n. Of course, we expect
th’n/OMt+n to be positive.

The effect of a change in the whole future pay stream is simply the
sum of T-t partial derivatives:

A (V) T-t AC _(Y) T-t oP
t t n-1 t,n
——— - I ——————- E B [Pt,n 4+ —l Mt-ﬂq] .

oM n=1 bMt+n n=}

Since the survival probabilities are less than unity, the effect of
a change in the whole pay table should again be smaller than it was in
the PVCOL model,*#

* This assumes the time horizon of the “"taste neutral” individual
exceeds one period.

*% A qualifying factor is that the PVCOL model sums partial derivatives
only from term t to te:m n*, where n* 13 the first future term for which

RL « 2 RS . This model sums partial derivatives from term t+l to
t,n t,n*

tha terminal term T. Therefore, this statement should not be taken too
literally.
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Now we derive the retention equation. Suppose we flrst consider
the {th Individual with taste factor y. If thils {ndividual has the
aequence of unconditional leaving costs CI(Y)’ C?(Y) « s« «, C (y) from
term 1 to term t, the probability that he will rematn in serv{ce from
term 1 to tetm t is,

G van e e u = [0 d6(e) [T de(en) .. . [T dete) .
v e Vo e,m ~¢, (1)

Now this (s the probahility that the glven tndividual will stay for ¢
terms. fonslder next a whole cohort of individuals at the end of the
flrst term. [f £(y) (s the (fixed) distribution of tastes among the
{ndiv{duals 1in this cohort, the fractlon that {s expected to survive to
rern t {s

s, = e as(e)) f7 a6ep) .. f” doce )| drey) .
~= | -Cin =€, (V) - . (Y) -

That 1s, we find 8¢ by welghting different individualg' survival proba-
bilitles to term t by their vepresentation in the initial cohort. The
retentlon rate at term t {8 the cordit{onal probability of stayilng at
term t glven survival to term t-1, r. = g, 4 8.1

1f we 1in fact knew the unconditional taste distribution at term t,

£,(Y), we could calculate r _ as,

ro= ) f d6(e) @R ()
- -Ct(r)

As discussed below, this conditional Atstributinn 13 skewed to the
right, and {ts skewness dependy upon the coat of leaving In prior
terms. 1In practice, this conditional Atstribution Is so complicated
mathemat{ically that we will work with the unconditional survival probha-
hilities and derive the retentfon rates by dividing Sy by 8p_1°

We can at least examine {ntuitively the relatf{onship hetwecen roten~
tion rateq at various terms of gervice. To do this, suppose that f(y),
the initial taste dlgtribution, {s dlstributed N(u , v ) and thar the
translitory error tecrm e {8 dletrihuted N({0,3.), each and every t.
1f v + Ct {8 the "error term” {in the retentinn deci{sion at each term of
service, we may show that the correlatinn between the crrors at various
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terms, p equals ——_—l———i . Consider first the polar case where p = 0,
o + JE

i.e., everyone has the same taste factor. 1In this case, differences {in

tastes explain none of the individual variation in retentlon proba-

bilitles —- all of the variatton {s explained by random draws on

g(ec). Recall from earlier discussion that e " equals the elas
t’t-1

ticity of the retention rate in term t with respect to the retertion

rate {n term t-1. 1In this case, the elasticity equals zero. That (s,

the retentlon rates in different terms are independent of one anather.

Conslder the second polar case where .= 0 and 5 > 0. HMHere, all
of the {ndividual varfation 1n retent{on probabilities {s due ro varta-
tion in the permanent taste factor y. Here, p equals 1. 1TIn this case,
fndividuals stay only so long as C (y) exceeds zern. 1Hence, a higher
first~term bonus will make Cl(y) positive for some individuals for whom
Cl(Y) was previously nepative. If Cz(y) {8 negative for these {ndi-
viduals, all will leave at the end of the second-term. MHence, {in this
pnlar case, e = -1 ., As a general rule, e wi1ll lie bhetween

forfy 20N
0 and -1 in value; 1Its value will approach -1 as JY rises relative
to U..

In the case where S, exceeds zero, the original taste distribution
f(y) does not get truncated as term of service (t) rilses, only “"thiuned
out” in 1ts lower tall. This occurs because landividuals with law (nega-
tive) values of y have lower retentloa prebabilities rhan Yadividuals
with higher (positive) values. The conditional taste distribution Ft(y)
hecomes siewed to the right as t {ncreases. 1Its mean rises and {ts
standard devilation declines. The extent to which ft(¥) {3 skewed de-
pends upon compensaton policfes. "{gher mil{tary pay serves Lo retain
more people with low values of y and hence reduces the skewness of
ft(y), with the consequent resultas that the conditlional mean ls lower
and the conditional standard deviation 1s higher. Because the mean of
the conditfonal dlstribution depends inversely on past compensation,
higher past compensation necessarily leads to lower retention in term
t. 1In thls regard, this specificatlion of the retentfon equation pro-
vides a “closed form” solutisn to the link between compensation policiles
{n one term and retentlon rates In future terms.

We now examine the retention 1impact of pav changes. fHiven the
mathematical complexity of the model, we can only state the results
formally. The retention impact of a pay change, e.g. Or /M , dors
not have the simple analytical solutlon that one finda {n the earlier
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models based on the logistic supply function. Rut, to begin with,
suppose that ft(y) {s the conditional taste Alstribution at term t. If
g, 1s distributed normally, we may show that

t
2
L €M
Ol‘t re b 5 —0 1
O_M.— - J e_- 1% '5'— dFt(Y) )
T+l -0 /21 €

The flrst term in this integrand 1is the ordinate of the standard
aormal Alstribution evaluated at Ct(y)/oe, the standardized cost of
leaving. Tt shows how a single individual's retention_ probablliry
changes with a change In Ct(y)!og. The second term, -— , shows the
rate at which Cc(v)/oa changes in Mt' (Ve have previou8lv shown that
th(y)/bw.+ =1 .,) Therefore, the product of these twa terms shows how
a single inéivldual's retention probability is affected by a change {n
“t+1‘ Summing over individuals (i.e. integrating over the range y)
glves art/OHt+1.

By a slmilar process, we may also find the effect on r. of a pay
change fn terw t+n and the etfect of a change {n the whole future pay
stream:

AN 1 éct(Y)
dr -] —--- — /——- | dF (y)
t ® e 2 8] g M t
vl Ml e € t4n
t+n er—I?
2
e 0N [ e
6rt . “T\T i dFt(y)
— =" e £ e O .
M= gy
3Ct(1) OCt(Y)
The terms ———=-~—~ and —~--- were derived ahove. MNue to thelr com
OM -
t+n M

plexity, we do not repeat them here,

“hile not obvious, a result nf this model 1s that the retention
effect of a pay change will increase as term of servica rises, That {s,
ért brr,
— 5
t+l Tt

5 for t > t'. As noted ahove, as the Inftial taste




distribution becomes skewed, {ts standard deviation declines ~- that fis,
s T <s , where s © {s the standard deviation of £,(g). As a result of
tgls loger variation in tastes, a given pay change will cause movement
over a larger portion of the ft(q) distribution at t than at t'<t.
Other things equal, this implies a larger change in r, than fn r,v.

This leads, for 1instance, to the predictlon that a second-term bonus
will have a larger impact on the second-term retention rate than an
equivalent bonus on the first-term retention rate. The reason for
expecting this larger impact is separate and distinct from the fact that
retention changes will get larger as one moves from the tall of a normal
distribution (e.g., a 20 percent base retention rate) to the center of

the distribution (e.g. a 50 percent base retentlon rate).

Let us turn now to certalin assumptions about the specification of
the SCOL model. In this model, the transient error disturbance e
enters as a per term disturbance tc the individual's mjlitary income
stream. Yet, it seems reasonable to assume that random shocks could
occur to the return to leaving equation as well as the return tc staying
equation. We could introduce a random civilian disturbance e to che
model, but we do so only at the expense of greater complexity. There s
one case, however, where adding a civilian disturbance greatly simpli-
flies the model. Suppose we distinguish between the random civilian
disturbance e  and the random military disturbance e" . Under the
assumptions that they both have the same probability distribution and
that they are uncorrelated, we may show that the expected value of
truncated error terms cancel out in the expected optimal return

equation.*

*The expected value of ef glven that the individual stays is 1-a
m
m
where s, is the standard deviation of e, - The expected value of ez

C
. (D
& s,
glven that the individual leaves 1is 1 Since the individual
c
gets the expected value of et with probabilivy a, and the expected value
of ei with probability l-a., 4t may be shown that these terms sum to

zero when o7 and e° have identical (non-correlated) distributicns.
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The assumptioun that there are random disturbances to both the

'ctvilian and military income streams is convenient hecause it simplifies

the calculation of the uncondit{onal cost of leaving (one can use the
backward method or the forward method discussed above). Also, I see no
way of ever Jjointly estimating the parameters of both distributions.

A second agsumption up to this point has bheen that everyone has
basically the same clvilian opportunities (aside from random dis-
turbances to the civilian income stream). In reality, individuals will
differ fn thelr clvilian opportunities. Aside from the taste factor y,
differences in ahil{ities are another persistent source of variation.

The process that sorts out stayers from leavers may as much bec a sorting
due to differences in civilian opportunities as differences in tastes.
Empirical evidence for this view {s found {n reference 7. The proba-
hility of reenlisting 1s found to vary systematically by mental group,
education level, and race, and the effects of these variables are all in
the expected direction.

The fact that there may be two sources of persistent variation in
the model introduces prohlems of estimation and intervrpretation. Flirst,
one could simply assume that the term iy represents the sum of a pure
taste factor and the deviation of the individual's true expected ci-
viltan earnings from the average for the cohort. 1In this case, oY is
the square root of the sum of the standard deviat{ions of these two
factors and the negative of twice their covarifance. T1f we assume this
and get an estimate of o, we find that the estimate of o, overstates
the standard deviation of the pure taste distributioan. The basic
problem here {s that when the model s simulated to determine the
effects of pay changes, the resulring pay elasticifies will he too small
~= pay elasticities vary {inversely with @

v
In empirical work, the upward bilas in estimation of o  can be
reduced by getting an estimate of civilian opportunities for each {indi-

vidual (each group of identically attributed individuals) in the
sample. This was done, for instance, {n refernnce A, Soe of the
pergistent variation in civilian opportunities will bte controlled for,
byt {ndividu«l errors Atill remain, leadinz agaln to upward blag in
egtimation of QY'

Afr Force - CRO Mndels
On the s ace, the stochastic formulation of the cost of learing

e simliar to retention models constructed by the Air Force and the
Congresvyional Buaget Otifce (CBO). Both the Air Force and CBO models
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fi _ ...compute the returns to staying by using estimated probahilittes of going L s
8 to each future term and then leaving. To do this, the models bepin at SR
term T and work recurgively to predict new retention rates and usge the
predicted retention rates to compute the u's used in the cost of leaving \
~equation in each preceeding term. Thus, the models compute Cr and
predlct tr using a loglistic supply equation. rp becomes the ey used i
in the calculation of Cp_y. Next, Troy is predicted using CT-l' The
“a's required for the calculatfon of Cr_9 are calculated uslng Tr and _ o
rp. 1In the same fashion, ry_, i3 then predicted, and so forth. The b
models thus calculates expected costs of leaving for the "averape {ndi-
vidual,” 1.e., one whose future retention probabilities are equal to the
cohort's o, -voe, o

This methodology 1s computationally much simpler than the SCOL
model procedure, but it has a shortcoming. The predicted retention
rates uged to estimate the a's represent the average a's only of those =
who choose to stay at term t. That {s, they ave conditjonal prohahili-
ties. They do not represent the ua's of those who In fact choose to
leave at term t. Sincz those who stay have, on the average, higher
than those who choose to leave, this methodology probably leads to
overstatement of the effect of far future pay changes on Ct and hence to
overprediction of the effects of such pay changes on r . Yet, because
the cost of leaving is a stochantic cost of leaving hased on future
retent{on probabilities, this model will yield a smaller predicted
retent{on responge to a future pay change than the PVEOL model. Just iy
how the Alr Force - CBO model predictions compare with ACOL or SCOL
model predictiong for structural changes such as retirement overhaul {s
not clear at the moment.

s

-26~-




SIMIJLATIONS OF THE SCOL MODEL*

We begin the simulation analysis of the SCOL model by aasuming that
¥ 1s init{ally distributed N(p ,aY) » and that e is distributed
N(O,ac) « The model was simulaZed for various values of the parameters
., o, and J_ . For brevity, we report the results of only one of
tqe s{mulattons. Retention rates ohtained with other parameters differ
somewhat, but the general retention patterns are similar. Importantly,
for a feasible range of the parameters, the pay elasticities implied by
the model are very similar.

This simulation analysis was performed using FY 1979 all-Navy data
on promotion probabilitiecs and honusg multiples. For FY 1979, we com-
puted the "all-Navy” Zone A bonus multiple to be 1.53, and the 7one B
mulciple to be 1.27.** For purposes of simulation, we divided the
carcer into 14 deciston polnts -- first-term (LOS 3-6), second-term (L0OS
7-10), third-term (LOS 11-14), fourth-term (15~19), and terms 5-14 (LOS
20-29). Thus, we assume that at the end of each year hetween completion
of L0NS 20 and completion of LOS 29, the individual {s eligihle to leave
the Navy. In practice, Ct(y,e) is calculated at the midpoint of each of
the first four terms. Thus the first-term cost of leaving ir calculated
at the beginning cof LOS 5, the second-term cost of leaving at the
beginning of LOS 9, etc. The reason for structuring the analysis this
way, rather than calculating a cost of leaving for each year, 1is that
individuals typically must make multi-year decisions prlor to LOS 20,
and, more pragmatically, the computations would becone exceedingly
cumbersome otherwise,

Table 1 shows FY 1979 all-Navy retention rates for the first five
terms of service (where “term” 18 defined by the LOS {intervals above),
and the "base case"” reteation pattern for the parameters u_ = -52800,

g = $3500 and g = $4500. These parameters were selected because they
are the ones that gave tlic ~losest flt to the FY 1979 retention

* The author wishes to thank NDr. Philip M. Lurie of CNA who concelved
the basic algorithm for the simulations reported on helow.

** These average multiples were obtalned by welghting each rating's
multiple by the number of reenlistment eligihles in FY 1979, gumming,
and dividing by the total number of eligibles in FY 1979, These
multiples are slightly downward-biased due to the frct that we were
unahle to breakdown the data in certain ratings where rcenlistees
holding certain NECs receive larger honuses than other rcenllatees.
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pattern. Table 1 also shows survival rates calculated from FY 1979
retentlon rates and survival rates derived from the "base case” reten-
tlon rates. The survival rates are obtained hy simply multiplying the
reclevant retention rates. In both cases, the survival rates show how
nany individuals would remain from term 1 to term t were the system in
steady-state. The survival pattern produced hy multiplying together the
FY 1979 retention rates in table 1 {s similar to the pattern that would
be obtained by multiplying together yearly continuation rates. The
simulations use a 10 percent personal discount rate throughout, and
civilian opportunities are approximated by an age-earnings function f{t
to data on high school graduates.*

The model simulated with the parameters sgpecified does not per-
fectly predict the current retention pattern. Perhaps further experi-
mentat{on with the model parameters will yi{eld a bhetter fit. TIn any
event the purpose of this simulation is not to estimate the parameters
empirically. Rather, given some chosen parameters, it is to show the
retention predictiona the model would make for various changes in the
compensation system. We therefore simulated the model for:

a 10 percent increase in second-term pay (LOS 5-R)
- a 190 percent 1increase in thi{rd-term pay (LOS 9-12)
a 10 percent increase in pay in 1.0S cells 9-30
~ a 10 percent increase in the whole pay tahle
-~ a two-tler retirement plan (the 0SD retirement plan without
early withdrawal privileges)
~ the OSD retirement plan

T.et us examine the results.

2
t - b,t" to data on

1 2
earninpgs of “igh school graduates where log Et 18 the natural logarithm

* We fit a regression of the form logF.t = b0 + b

of earnings and t 18 years of labor force experience (age - 18). We flt
auch a function rather than using actual values because 1t was easier to
use sach a function rather than actual values in the simulation
analvsis. The fitted function explains 96 percent of the actual
varfation in age-earnings profiles of high gchool graduates.
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TABLE 1

FY 1979 ALL-NAVY ENLISTED RETENTION AND
SURVIVAL RATES BY TERM AND RATES PREDICTED BY SCOL
MODEL FOR PARAMETERS PY='2800, cY=3500, AND 06-4500

Survival
rate based Base case
Actual on FY 1979 - Predicted Predicted
retention retention retention survival
Term rate® rates rate rate
1 .241 241 .227 227
2 .510 123 514 117
3 . 806 .099 .94 . 109
4 .939 .093 1.00 .109
5 LI .031 L4232 . 046

8Data provided by DMDC. Actual retention rates in this table are the
proportions of people in LOS iInterval who had less thau 13 months to go
on thelr enlistment contracts at the start of the fiscal year who re-
mained in the Navy at the end of the year. Note that the model predicts
a unitary retention rate in the fourth term, yet the fourth-term rate is
only 93,9 percent. This discrepancy is due to the fact that the model
assumes no retirement eligibility prior to completion of 20 years of
gservice, whereas there are individuals who have earned "constructive
credit” time who are curreantly retiring prior to completion of 20 years.

Table 2 shows the predicted effect of a 10 percent rise in second-
term pay, and compares this with the base case, which 13 reproduced from
table 1. The model predicts a first-term retention rate increase from
22.7 percent to 28.2 percent. The implied pay elasticity (%ZAr,/%AM,) is
2.642. That 1s, the 10 percent rise in second-term pay 1s predicted to
get a 24.2 percent rise in first-term retention. This 18 very similar
to the first-term pay elasticities ohtained with quite different
models. The theoretical reasons for expecting this result were ex-
plained in the first section.
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TABLF. 2

PREDICTED EFFECT OF 10 PERCENT RISE IN SECOND-TERM PAY

10 percent
second-term

Bage case pay increase

Tern e e .
1 | .227 .227 .282 . 282

2 .514 117 <430 121

3 .934 .109 .919 112

4 1.00 .109 1.00 12

5 422 . 046 417 .047

A second result is that the second-term retention rate drops by
16.3 percent. This result is consistent with theory and is a necessary
outcome of the construction of the model. From these results, we may
show that the second-term reenlistment rate of the pay-induced flrst-
tern reenlistees 13 only B,8 percent. The elasticity of the second-term
retention rate with respect to the first—term rate (ZAr2 + ZArl) may he
calculated as (8.8 ~ .514)/.514 = -.824., 1t was shown {n the firgt
section that this elasticlty can range between O and -1 in value, de-~
pending upon the relative values of the parameters o and o . The
elasticity obtained here 1is somewhat higher than ones obtained from
empirical analysis with the ACOL model (reference 6). Note that the
higher second-term pay will {mpact upon the third-term retentlon rate as
well, although the predicted effect {s rather small.

A general implication of the model {s that the higher pay baaically
serves to retain personnel only during the interval over which pay is
raigsed. The uunconditional survival probabilities to term heyond the
second term are not very different from the hase case; most of the
additional personnel retained hy the higher second-term pay leave there~

after.

We turn now to the effect of a 10 percent rise in third-term pay.
The model's prediction for this pay increase is shown in table 3. 1In
table 3 we distinguish between the "short-run” effect of the third-term
pay change and the "steady-state” effect. The "short-run” effect shows
the immediate {mpact on the second-term retention rate of a 10 percent
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~ increase in third-term pay. That is, it shows the effect on r, of i
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; holding constant the pool of second-term eligibles. 1In the long-run 1
(steady~state), however, a 10 percent increase in third-term pay can f§
have the effect of raising the first—term retention rate ry. T1f this | %
happens, the pool of second-term eligibles will change, and the steady- - 'j'g
state value of r, after the 10 percent increase in third-term pay will ; ?E
be lower than the short-run value. . _ag

* =5

TABLE 3

EFFECT OF A 10 PERCENT INCREASE IN THIRD-TERM PAY

.
i i AUt L

Short-run Steady-state
Base case effect affect
Tern o % e e fe 3
1 227 $227 .227 .227 .249 .249
’
2 +514 117 . 666 .151 +632 .158
3 .934 .109 .875 .132 .B57 .15
{

4 1.00 »109 1.000 .132 1.00 +139
S .422 0NL6 .388 .052 384 .052 -
Fxamining the results in tahle 3, in the short-run, holding the 2
pool of second-term eligibles the same as 1in the bhase case,* the second- é%
term retention rate rises from .514 to .66Hh. Tn the steady-state, r, 1is ?%
predicted to rise from .514 to .632. The pay elasticities implied by }r
this 10 percent increase in third-term pay are very large. The short - 4
run pay elasticity (%Ar_/%am.) 1s 2.96, while the steady-state elas- A
ticity 1s 2.29. These hfgh elasticities are a result of the construc- Z%
tion of the model. As noted earlievr, the conditional diastribution of y ?§
gets "thinned out” after the first-term decisfon point; the conditional ;é
mean rises relative to u_ and the conditicnal variance {s smaller. As ;é
a result of the smaller varfance of the conditional taste distribution i3

’ * Computationally, we hold ry and hence the pool of sccond~term
eligibles conatant by using the base case values of the cost of leaving
at the firast-term. 1 want to thank Glenn Gotz for suggesting this
- methodology.
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(the taste distribution is now “tighter”), glven changes in pay will PR
lead to larger changes in retention than they did at the firat term. b

These prediction are to be contrasted with the second-term pay
elaaticities ohtalned from recent empirical analysis using the ACOL
model (reference 7). This analysis obtained second-term pay elas-
ticities that were only about half the value of those obtained in these

simulations.
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We turn in table 4 to the effect of a 10 percent increase In the
whole pay stream beyond the second-term. Again, we may Aistinguish
between the short-run and steady-state effects of the pay change. The
short-run effect of the pay raise {s to increase the gecond-term reten-
tion rate from .S5l4 to .731, a large effect i{ndeed. The implied pay
elasticicy is 4.22, This large a pay elasticity is due to the condl-
tioning on the initial taste distribution. Again, the steady-state
effects are somewhat smaller. Note that due to the increase in the

whole post-second-term pay table, the retention pattern ls uniformly
This 1s to be contrasted

bl MW\WM‘M

higher than the base case retention pattern. j;
with the previous case, where pay was raised only in the third term. * jg
There, post-second-term retention rates are helow the hase case rates. fé
These results are, of course, to he expected. 3
) f%

TABLE 4 N

g

EFFECT OF A 10 PERCENT INCREASE IN PAY IN LNS CFLLS 9-30 é
Short-run Steady-state ;E

Bagse case effect effect ;g

Term Te S¢ Tt St e S =
———— —— — — ——— — —— ,ii
1 L2217 .227 .227 227 .239 .239 3

2 514,117 .73 166 .7m 167 g

3 .934 .109 .985 163 .982 A4 k-

4 1.00 . 109 1.00 163 1.00 164 ié

5 422 .Db6 462 075 460 076 é

‘3

=
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. Now we turn to the effect of a 10 percent increase in the whole
mflf{tary pay table. The results are displayed in table 5. The first-
term re.enti{on rate is predicted to rise from .227 to .300, a 32.2
percent increase. Thus, the first-term pay elasticity with respect to a
10 percent {ncrease in the whole pay stream {s 3.22., This 1s larger
than the effect of a 10 percent increase in second-term pay, 2.42, but
it is not too much larger. The whole pay stream elasticity seems much
more plaugsible than that obtained with the original PVCOL model, but it
i{s gomewhat larger than that obtained with the ACOL model.

TABLE 5

EFFECT OF A 10 PERCENT INCREASE IN WHOLE PAY TABLE

Steady-state
Base case effect

Tern o e o %
1 .227 227 . 300 . 300

2 S14 117 603 181

3 .934 .109 .972 176

4 1.00 .109 1.000 176

S L6422 . 046 447 .079

Note that the second~term rate is 17.3 percent higher than the base
case rate., Apgain, the steady-state effect of the 10 percent increase in
the whole future pay stream {s smaller than the short-run effect shown
in table 4. 1t is due to the fact that many of the additional first-
term reenlistees leave after the second-term.

We now turn to retentlon predictions for alternative retirement
systemg. We eatimated the effecta of two plans, the 0SD plan and a
similar plan without early withdrawal privileges. These plans are
described in detatil 1n reference 4. The results are displayed i{r table
6. The two~tier plan, which cuts retirement henefits from YNS 20 to age
60, generates less retention than the current system. The tesults
ind{cate not much change in first-~ or second-term retention, but a
significant drop in third-term retention, These reaults are reasonably
close to the ACOL model results found in reference 3. The ACOI, model
predicts somewhat larger drops {u filret- and second-term retention, but
a smaller drop in third-term retention. The predicted changes in the

e
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cumulative survival probability to YOS 20 are about the same. As In the
ACOL merdel, this model predfcts a sharp increase in retention at YNS 20
(term 5 in tahle 6). ’

TABLE 6

BASE CASE RETFNTION RATES AND STEANDY STATE RATES
PREDICTED FOR TWO ALTERNATIVF RETIRFMENT SYSTR:S

Base case Two-tier Elﬁﬂi. 0sh_plan
Tern S % %
1 227 227 .226 .226 .306 .306
2 <514 117 . 497 112 <652 .199
3 +934 «109 .833 094 .A83 .136
4 1.00 .109 1.000 094 . 998 136 *
5 1422 0466 .574 N54 .597 .NR1

8rwo-tier plan {8 {dentical to 0SND plan except that no early withdrawals
are alloved.

The SCOL model predicts a substantial {increase {n first- and
second-term tetention under the 03N retirement plan, but a s{zeahle drop
in third-term retention. The predicted increase (n early rerention {3
rich larger than that predicted by the ACOL model, hut the predicteod
drop in third-term retention {s larger as well. ONf course, {n the 2COL
model (as well as the ACOL model), the gize of the predicted Arop In
thicd-term retention will he directly related to the size of the
predicted incrcase in first- and second-term retention. Overall,
judging by the cumulative survival prohability to NS 20, the S50NL model
predictions are somewhat more optimistic than the ACOlL model
predictions. The ACOL model predicted about the same cumulative
survival probability to YOS 20 as under the current retf{rement system.
However, because the manner in which cumulative survival probahbilities
were computed in the ACOL nndel was so different from the manner {n \
which they are computed here, perhaps not too much should he made of the
difference {n the predicted survival prohahilities. That the models do
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give the same directional predictions is perhaps the {important point to

stress.*
- s S . B
.
L
* We have not attempted a transition analysis of the effect of these
ret{irement plans. 1t is clear, however, that during a transition
period, retention would be higher than it would be under either
! retirement plan alone. This is because everyone currently in the force
would be grandfathered at the time of implementation of the OSD plan,
and because those who would prefer the 0SSN plau would be allowed to
! . switch to {t.
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CONCLUSIONS

The first section of the Research Contribution does not admit to
conclusions in the usual sense, since 1t is & description and comparison
of different analvtic models. MHowever, several points should be empha-
sized. The first {s that the later models discussed here (ACOL and
SCOL) are more descriptively accurate than the earlier ones. The PVCOL
model examines nothing more than the monetary costs of staying in and
leaving military service. The ACOL and $COL models include a taste for
mil{tary service factor, and the SCOlL model adds a transitory dis-
turhance to individuals' present value calculus to account for temporary
effects on the stay-leave decision. This latter addition also means
that the calculation of the future costs af staying or lzaving becomes
probabilistic, rather than certain; a condition which may more ac-
curately describe behavior.

A second point is that the models become more Internally consistent
and complete. For example, the SCOL model makes the link hetween pay in
one term and retentfon in future terms a part of the model, rather than
an ad hoc procedure. Also, retention by term of service is endogenous
to the model, not exogenous as it was previously.

Finally, (and this point leads into the simulation of the SCOL
model) the later models provide more sensible predictions than earlier
models. Rather than repeating the findings from the stmulatlons, the
reader is referred to the Executive Summary for a statement of themn.
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